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Dendrimers are highly branched nanostructures and are considered a building block in nanotechnology
with a variety of suitable applications. In this paper, a vertex degree-based topological index, namely, the
F-index, which is deﬁned as the sum of cubes of a graph's vertex degrees, is studied for certain den-
drimers. In this study, we present exact expressions for the F-index and F-polynomial of six inﬁnite
classes of nanostar dendrimers.
Copyright © 2016, Far Eastern Federal University, Kangnam University, Dalian University of Technology,
Kokushikan University. Production and hosting by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Chemical graph theory is a branch of mathematical chemistry in
which different tools from graph theory are used to model chemical
phenomena mathematically. Molecules and molecular compounds
are modelled as molecular graphs, in which the vertices correspond
to the atoms and the edges correspond to the chemical bonds be-
tween the atoms. A topological index is a numeric value that is graph
invariant and correlates the physico-chemical properties of a mo-
lecular graph. Topological indices are used for studying quantitative
structure-activity relationships (QSAR) and quantitative structure-
property relationships (QSPR) for predicting different properties of
chemical compounds and their biological activities. In chemistry,
biochemistry and nanotechnology, different topological indices are
found to be useful in isomer discrimination, QSAR, QSPR and phar-
maceutical drug design. There are several studies regarding different




ersity, Kangnam University, Dalian
C-ND license (http://creativecommAmong various topological indices, degree based topological
indices are the most important and widely used. These have great
application in chemical graph theory. Suppose G to be a simple
connected (molecular) graph and V(G) and E(G), respectively,
denote the vertex set and edge set of G. Let, for any vertex, v2VðGÞ,
dG(v) denote its degree, and N(v) denote the set of vertices which
are the neighbours of the vertex, v, so that jNðvÞj ¼ dGðvÞ. The ﬁrst
and second Zagreb indices of a graph, denoted byM1(G) andM2(G)
are among the oldest, most popular and extensively studied vertex-












These indices were introduced in a paper in 1972 [1] to study the
structure-dependency of the total amount of p-electron energy in
conjugated systems. Soon after that, it was found that the Zagreb
indices provided a measure of the underlying molecules of carbon
skeleton branching. For more information and recent results about
Zagreb indices, see [27e31]. In the same paper, another topological
index, deﬁned as the sum of cubed degrees of the vertices of a graph,
was also shown to relate p-electron energy. However, this index wasUniversity of Technology, Kokushikan University. Production and hosting by Elsevier
ons.org/licenses/by-nc-nd/4.0/).
N. De, Sk.Md.A. Nayeem / Paciﬁc Science Review A: Natural Science and Engineering 18 (2016) 14e21 15never studied in detail then. Recently, Furtula and Gutman [2] have
restudied this index to establish some basic properties and have also
demonstrated that the predictive ability of this index is similar to that
of the ﬁrst Zagreb index with respect to entropy and acetic factors of
the molecules and both ﬁrst Zagreb index and this index yield cor-
relation coefﬁcients greater than 0.95. They named this index the
“forgotten topological index” or “F-index”. Very recently, the present
authors have studied this index for different graph operations [3] and
also introduced its coindex version [4]. Abdo et al. investigated the
extremal trees with respect to the F-index [5]. In symbolic notation,











Analogous to other topological polynomials, the F-polynomial of





Dendrimers are hyper-branched nanostructures that can be syn-
thesized by divergent or convergent methods, and they are built up
from branched units called monomers using a nanoscale fabrication
process. Dendrimers have a very well-deﬁned chemical structure
with three major architectural components. These are the core,
branches and end groups, where new branches are emitted from the
core and are added in steps. Dendrimers are considered one of the
most important, commercially available building blocks in nano-
technology. Dendrimers are used in the formation of nanotubes,
nanolatex, chemical sensors, micro and macro capsules, coloured
glass, modiﬁed electrodes, and photon funnels such as artiﬁcial an-
tennas [21,26]. Because dendrimers are widely used in such different
applied ﬁelds, the study of nanostar dendrimers has received a great
deal of attention in both chemical and mathematical literature.
Graovacet al. derivedaﬁfth geometricearithmetic index for nanostar
dendrimers [14]. Further, one of the present authors presented ﬁrst
and second reformulated Zagreb indices oforf a class of nanostar
dendrimers [15]. Madanshekaf calculated the Randic index of some
classes of nanostar dendrimers [16]. Additionally, Madanshekaf et al.
calculated different topological indices of some nanostar dendrimers
[17,18]. Siddiqui et al. presented the Zagreb indices and Zagreb
polynomials of differentnanostardendrimers [19]. For otherdifferent
applications regarding dendrimers, we refer to [20e26]. Until now,
the study of the F-index for special chemical- and nano-structures
have been largely limited. Thus, we have been attracted to studying
the mathematical properties of the F-index and its polynomial
version of some nanostar dendrimers. In this paper, we consider six
inﬁnite classes of dendrimer nanostars, namely: NS1[n], NS2[n],
NS3[n], NS4[n], NS5[n] and Dn. Their structures are given in Figs. 1e6.2. F-index and polynomials of nanostar dendrimers
Let the number of edges of G connecting vertices of degrees i and
j be denoted by eij such that eij ¼ eji. As dendrimer are hyper-
branched molecules, for the sake of computation, let us denote
the number of edges connecting vertices of degrees i and j in each
branch of the dendrimer by e0ij.
Let us consider the ﬁrst type of nanostar dendrimer, denoted by
NS1[n], where n is the number of growth steps (See Fig. 1). For this
type of dendrimer, there are four similar branches and three extra
edges. Therefore, in this case, we have: e12 ¼ 4e012, e22 ¼ 4e022 þ 1,
e13 ¼ 4e013 and e23 ¼ 4e023 þ 2. Additionally, from direct calculation,
we get: e012 ¼ 2n1, e022 ¼ 3n 3, e013 ¼ 2n  1 and
e023 ¼ 3ð2n  1Þ þ ð2n1  1Þ. Therefore, we have: e12 ¼ 2:2n,e22 ¼ 12:2n  11, e13 ¼ 4:2n  4, and e12 ¼ 14:2n  14. Now, we
compute the F-index and polynomial of this type of dendrimer
through the following theorem.
Theorem 1. Let NS1[n] be the nanostar dendrimer. Then
FðNS1½nÞ ¼5:2nþ1 þ 40ð2n  1Þ þ 8ð12:2n  11Þ
þ 13ð14:2n  14Þ; and
FðNS1½n; xÞ ¼ 2nþ1x5 þ 4ð2n  1Þx10 þ ð12:2n  11Þx8
þ ð14:2n  14Þx13:
Proof. The edge set of NS1[n] is divided into four edge classes,





E1ðNS1½nÞ ¼ fe ¼ uv2EðNS1½nÞ : dðuÞ ¼ 1 and dðvÞ ¼ 2g
E2ðNS1½nÞ ¼ fe ¼ uv2EðNS1½nÞ : dðuÞ ¼ 1 and dðvÞ ¼ 3g
E3ðNS1½nÞ ¼ fe ¼ uv2EðNS1½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 2g
E4ðNS1½nÞ ¼ fe ¼ uv2EðNS1½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 3g
so that,
E1ðNS1½nÞ
 ¼ 2nþ1, jE2ðNS1½nÞj ¼ 4ð2n  1Þ,
jE3ðNS1½nÞj ¼ 12:2n  11 and jE4ðNS1½nÞj ¼ 14:2n  14. So, from
































Similarly, from (2), the F-polynomial of nanostar dendrimer





































Next, we consider a second class of nanostar dendrimer denoted
as NS2½n, where n is the steps of growth (See Fig. 2). This graph has
four similar branches and ﬁve extra edges. Therefore, we have
e12 ¼ 4e012, e22 ¼ 4e022 þ 3 and e23 ¼ 4e023 þ 2. Additionally, from
direct calculation, we obtain e012 ¼ 2n1, e022 ¼ 2ð2n  1Þ and
e023 ¼ 3:2n  2. Thus, e12 ¼ 2.2nþ1, e22 ¼ 8.2n5 and e23 ¼ 6.2n6.
Fig. 1. Polypropylenimine octaamine dendrimer (NS1[n]).
Fig. 2. Polypropylenimine octaamine dendrimer ðNS2½nÞ.
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nomial of this type of dendrimer.
Theorem 2. Let NS2[n] be the nanostar dendrimer. Then,
FðNS2½nÞ ¼ 5:2nþ1 þ 8ð8:2n  5Þ þ 13ð6:2n  6Þ and FðNS2½n; xÞ
¼ 2nþ1x5 þ ð8:2n  5Þx8 þ ð6:2n  6Þx13:
Proof. Let the edge set of NS2[n] be divided into three classes
based on the degree of the end vertices as follows:
E1ðNS2½nÞ ¼ fe ¼ uv2EðNS2½nÞ : dðuÞ ¼ 1 and dðvÞ ¼ 2g
E2ðNS2½nÞ ¼ fe ¼ uv2EðNS2½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 2g
E3ðNS2½nÞ ¼ fe ¼ uv2EðNS2½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 3gThus,
E1ðNS2½nÞ
 ¼ 2nþ1, jE2ðNS2½nÞj ¼ 8:2n  5 and

























Fig. 3. Polymer dendrimer (NS3[n]).
Fig. 4. Fullerene dendrimer (NS4[n]).
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Fig. 5. The polymer dendrimer (NS5[n]).
Fig. 6. The nanostar dendrimer Dn(n ¼ 2).
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¼ 2nþ1x5 þ ð8:2n  5Þx8 þ ð6:2n  6Þx13:
We now consider the class of nanostar dendrimer NS3[n], where
n is the steps of growth (See Fig. 3). By direct calculation, we can
show that: e23 ¼ 66ð2n1  1Þ þ 48, e22 ¼ 54:2n1  24,
e33 ¼ 3:2nþ1 and e12 ¼ 3.2n. In the following, we compute the F-
index and polynomial of this type of dendrimer.



























þ 3:2nþ1x18 þ 3:2nx5:
Proof. Let the edge set of NS3[n] be divided into three classes
based on the degree of the end vertices as follows:
E1ðNS3½nÞ ¼ fe ¼ uv2EðNS3½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 3g
E2ðNS3½nÞ ¼ fe ¼ uv2EðNS3½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 2g
E3ðNS3½nÞ ¼ fe ¼ uv2EðNS3½nÞ : dðuÞ ¼ 3 and dðvÞ ¼ 3g
E4ðNS3½nÞ ¼ fe ¼ uv2EðNS3½nÞ : dðuÞ ¼ 1 and dðvÞ ¼ 2g
Hence,
E1ðNS3½nÞ
 ¼ 66ð2n1 þ 1Þ48, E2ðNS3½nÞ
 ¼ 54:2n1
24, E3ðNS3½nÞ
 ¼ 3:2nþ1 and jE4ðNS3½nÞj ¼ 3:2n. In the following,




























































































Now, consider another class of dendrimer, denoted by NS4[n],
where n is the number of steps of growth (see Fig. 4). Themolecular
graph of NS4[n] has two similar branches. Therefore, from a similar
calculation, we obtain e33¼ 86, e34¼ 6, e44¼ 3, e23¼ 32.2n18 and
e22 ¼ 2nþ1þ2. Now we calculate the F-index and polynomial of this
type of dendrimer.









þ 10:2nþ1 þ 18:86










þ 86x18 þ 6x25 þ 3x32
Proof. Let the edge set of NS4[n] be divided into three classes
based on the degree of the end vertices as follows:
E1ðNS4½nÞ ¼ fe ¼ uv2EðNS4½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 3g
E2ðNS4½nÞ ¼ fe ¼ uv2EðNS4½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 2g
E3ðNS4½nÞ ¼ fe ¼ uv2EðNS4½nÞ : dðuÞ ¼ 1 and dðvÞ ¼ 3g
E4ðNS4½nÞ ¼ fe ¼ uv2EðNS4½nÞ : dðuÞ ¼ 3 and dðvÞ ¼ 3g
E5ðNS4½nÞ ¼ fe ¼ uv2EðNS4½nÞ : dðuÞ ¼ 3 and dðvÞ ¼ 4g
E6ðNS4½nÞ ¼ fe ¼ uv2EðNS4½nÞ : dðuÞ ¼ 4 and dðvÞ ¼ 4g:
So,
E1ðNS4½nÞ
 ¼ 32:2n1  8, E2ðNS4½nÞ
 ¼ 2nþ1 þ 2,E3ðNS4½nÞ
 ¼ 2nþ1, jE4ðNS4½nÞj ¼ 86, jE5ðNS4½nÞj ¼ 6 and
jE6ðNS4½nÞj ¼ 3. So, from (1), the F-index is given as:






















































þ 10:2nþ1 þ 18:86
þ 25:6þ 32:3:





























































Next, we consider the molecular graph of the class of dendrimer
NS5[n], where n denotes the steps of growth (See Fig. 5). This
dendrimer has three similar branches. So it is obvious that
e23 ¼ 3e023 þ 48, e22 ¼ 3e023 þ 12 and e13 ¼ 3e013 þ 3. Also from
direct calculation, we have e023 ¼ 9ð2nþ1  2Þ  2nþ1,
e022 ¼ 2nþ1  2 and e013 ¼ 2nþ1. Hence, we obtain e23 ¼ 6ð2nþ3  1Þ,
e22 ¼ 6ð2n þ 1Þ , e13 ¼ 3ð2nþ1 þ 1Þ and e33 ¼ 24. Now, in the
following theorem, we compute the F-index and polynomial of this
type of dendrimer.




















x10:Proof. Let the edge set of NS5[n] be divided into three classes
based on the degree of the end vertices as follows:
E1ðNS5½nÞ ¼ fe ¼ uv2EðNS5½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 3g
E2ðNS5½nÞ ¼ fe ¼ uv2EðNS5½nÞ : dðuÞ ¼ 2 and dðvÞ ¼ 2g
E3ðNS5½nÞ ¼ fe ¼ uv2EðNS5½nÞ : dðuÞ ¼ 3 and dðvÞ ¼ 3g
E4ðNS5½nÞ ¼ fe ¼ uv2EðNS5½nÞ : dðuÞ ¼ 1 and dðvÞ ¼ 3g:
So that:
E1ðNS5½nÞ
 ¼ 6ð2nþ3  1Þ, jE2ðNS5½nÞj ¼ 6ð2n þ 1Þ,
jE3ðNS5½nÞj ¼ 24 and
E4ðNS5½nÞ
 ¼ 3ð2nþ1 þ 1Þ. From (1), the F-





















































































Finally, we consider another class of dendrimer, denoted as Dn
(See Fig. 6). The total number of vertices and edges of Dn are
calculated as ð57:2n1  38Þ and ð33:2n  45Þ, respectively. In the
following theorem we calculate the F-index and polynomial of Dn.
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on the degree of the end vertices as follows:
E1ðDnÞ ¼ fe ¼ uv2EðDnÞ : dðuÞ ¼ 2 and dðvÞ ¼ 2g
E2ðDnÞ ¼ fe ¼ uv2EðDnÞ : dðuÞ ¼ 2 and dðvÞ ¼ 3g
E3ðDnÞ ¼ fe ¼ uv2EðDnÞ : dðuÞ ¼ 3 and dðvÞ ¼ 3g:
Thus,
E1ðDnÞ
 ¼ 24:2n1  12, E2ðDnÞ
 ¼ 30:2n1  24 andE3ðDnÞ



































 2n1  9

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 2n1  9

x18:3. Conclusions
In this paper, we considered six different classes of nanostar
dendrimers. We found the F-index and its corresponding poly-
nomial version of these nanostar dendrimers. The results obtained
in our study have prospects for application in the chemical, bio-
logical and pharmaceutical sciences.
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